The thermophilic cyanobacterial strain, PCC7518, originally identified as 'Mu~tigocludus hminosus HTF' does not show branchings or heterocysts. The absence of branchings supports the later assignment to the genus Chlorogloeopsu. The absence of heterocysts may be the result of a mutation because heterocysts were observed in the original isolate. Alternatively, contamination may have happened. To solve this problem, the 16 S rRNA sequence was determined and used to infer a secondary structure model and build distance trees. The trees showed that strain PCC7518 belongs to the cluster of heterocystous species and has most probably lost the abihty to produce heterocysts by mutation. It is only distantly related to Chlorogloeopsis fritschii PCC67 18.
INTRODUCTION
'Mastigocladus laminosus HTF' clone I-15 was isolated by Castenholz [ 1, 2] in Iceland, from a small pond the temperature of which varied between 62 and 73°C and had a pH of 9. It was later sent to the Pasteur Culture Collection (Paris, France) where it was assigned the strain number, PCC7518. The cells of strain PCC7518 form irregular aggregates and short filaments without branchings (Rippka, personal communication) . Originally, clone I-15 was identified by Castenholz [ 1, 2] as a form of Mastigocladus laminosus, following the taxonomic systems of FrCmy [3] and Schwabe [4] who assumed the existence of several forms and subforms in this species. Later, Castenholz [5] assigned Mastigocladus laminosus HTF to the genus Chlorogloeopsis on the basis of their morphological similarity. Indeed, the latter genus is characterized by the presence of cell aggregates and short filaments without branchings, the hormogonia. A peculiarity of strain PCC7518 is that it never forms heterocysts, although these had been observed in clone I-l 5 [1.2] . Because of the uncertain taxonomic affiliation, this strain was not recorded in a taxonomic system [6] of the cyanobacteria based on the strains of the Pasteur Culture Collection. It was thus of interest to assess the genotypic relationships of this enig- 
MATERIALS AND METHODS

Gene umphficution by the polymeruse chain reaction (PCR)
Strain PCC7518 was obtained from the Pasteur Culture Collection, Pasteur Institute, Paris. About 0.5 ~1 of a green liquid at the surface of the agar slant was added directly to 100 ~1 of PCR-mix containing 2.8 ng/pl of primers 1 and 18 (Table I) , 200 PM of each DNTP, 2.5 U of 'I'aq DNA polymerase, 10 mM Tris-Hcl, 50 mM KCl, 1.5 mM MgCL, 0.01% gelatin (w/v); pH 8.3. After an initial denaturation of 1 min at 95"C, 30 cycles of amplification were started: 1 min at 95°C. 1 min at 55°C and 4 mm at 72°C. A final incubation of 7 min at 72°C was carried out.
Cloning and sequencing
The PCR product, after purification by electrophoresis on agarose gels, was cloned in a vector, pSK' (Stratagene) to which a ddT-tail had been added at the 3'-terminus by terminal transferase [lo] . After transformation into competent E. coli DH5a cells, colony hybridization was carried out [1 I] . The probe was the PCR product labelled with "P using a nick-translation kit (Amersham). Sequence determination was carried out with the Sequenase 2.0 sequencing kit (USB) according to the manufacturer's instructions.
The two Ml3 primer sites on the vector and eighteen primers annealing to evolutionarily conserved areas, listed in Table I , were used to sequence both strands of the gene as well as a part of the internal transcribed spacer (data not shown).
Ahgnment und distance tree construction
The 16 S rRNA sequence was ahgned with all other known complete or nearly complete bacterial sequences, accordmg to the primary and secondary structure features [12] . A matrix of distances, corrected for multiple mutations, was calculated as previously described [13] and a tree was constructed by means of the Neighbor-Joming method [14] using the software package Treecon [15] . The statistical support for the branches was assessed by means of a bootstrap analysis [I 61 mvolving the construction of 100 new trees from re-sampled data. "The simultaneous presence of two bases at a single position is indicated by R (A + G) and Y (C + T). bOIigonucleotides with a sequence corresponding to the RNA-like strand are indicated by R; oligonucleotides complementary to the RNA-like strand are indicated by C.
RESULTS AND DISCUSSION
Primary and secondary structure of the 16 S rRNA
The PCR product has a length of about 2.1 kb. Ten recombinant plasmids were obtained and pooled to determine a sequence of 1,461 nucleotides, which is the complete 16 S rDNA sequence, except for an estimated 27 nucleotides extending from the S-terminus to the 3' end of primer 1 ( Table I ). The accession number of the gene in the EMBL data bank is X68780. Its secondary structure is given in Fig. 1 . The most notable change with respect to the secondary structure model proposed for Synechococcus sp. PCC6301 ('Anacystis nidulans') [17] is that the present model takes into account the tertiary interaction involving helices 19, 20 and 21 [18] . In addition, slightly different base pairing schemes are assumed for helices 6, 44 and 46. Fig. 2a shows a distance tree constructed from all available complete cyanobacterial sequences [7, 19] . However, partial sequences have been determined for many more cyanobacterial strains. For construction of the tree of Fig. 2b , all partial sequences of heterocystous strains [22, 23] were selected, and the strains represented in Fig. 2a were included as well. Both trees show clearly that strain PCC75 18 belongs to the cluster of heterocystous strains. This grouping is supported by a bootstrap value of 100%. The genomic DNA base composition of 44.8% (Herdman, personal communication) is also consistent with the assignment of strain PCC7518 to the cluster of heterocystous species [24] . Accordingly, it is probable that strain PCC7518 has lost the ability to produce heterocysts by mutation. Cases of such spontaneous losses have been observed in Nostoc or Anabaena strains which had been cultivated for a long time in the presence of nitrates (Rippka, personal communication). Thus, it would be interesting to study the presence and arrangement of nif genes and compare them with the data obtained for Mastigocladus laminosus UTEX1931 [25] .
Phylogenetic analysis
In the last edition of Bergey's Manual of Systematic Bacteriology, Mastigocladus Zaminosus HTF is assigned to the genus Chlorogloeopsis, on the basis of its morphology [5] . However, the 16 S rRNA similarity of strain PCC75 18 with Chlorogloeopsis fritschii PCC6718 is only 9 1.1% for the 992 nucleotides known for the two sequences. The sequence similarity is even slightly lower with Fischerella PCC7414, namely 89.6% for the 1,002 nucleotides available. These values, and the topology of divergence observed in Fig. 2b , demonstrate that strain PCC75 18 should be assigned to a genus different from those to which Chlorogloeopsis fritschii PCC6718 or Fischerella PCC7414 belong. For a more precise taxonomic ranking of the three strains, DNA-DNA hybridization data would be useful [26] . In Fig. 2b , the lineage to which strain PCC7518 belongs shares a short common stem with Fischerella PCC7414 and Chlorogloeopsis fritschii PCC6718 but diverges rather early. The cluster of these three strains corresponds to the Section V proposed by Rippka et al. [6] and to the order, Stigonematales [5] . However, the bootstrap percentage sup- [7] . The tertiary interaction involving helices 19, 20 and 21 results in a change in the helix numbering system with respect to the secondary structure model for prokaryotic small subunit rRNA of De Rijk et al. [12] . porting this cluster is lower than 50%. This indicates a certain instability within the heterocystous cluster and some caution is necessary while interpreting the tree topology. The future examination of 16 S rRNA from other closely related organisms may help to stabilize the position of the studied strain in the distance tree.
